This study explores the usefulness of stable isotopic composition (δ 13 C) along with 28 other chemical tracers and air mass trajectory to identify the primary and secondary sources 29 of carbonaceous aerosols. Aerosol samples (n = 84) were collected continuously
understand the importance of primary versus secondary pollution sources of carbonaceous 48 aerosols in the atmosphere. 49 50 1. Introduction 53 Atmospheric particular matter (PM) affects the earth's radiative balance by absorbing 54 and scattering solar radiation (direct aerosol effect) (Mccormic and Ludwig, 1967 ; 55 Ramanathan et al., 2001) and acting as cloud condensation nuclei (CCN) (indirect aerosol 56 effect) (Roberts et al., 2003; Twomey, 1974) . They also indirectly affect the radiative balance 57 by changing land and ocean biogeochemical cycles through physical forcing or by adding 58 nutrients (Mahowald, 2011) . The studies on extreme air pollution episode and 59 epidemiological and toxicological studies, have shown the relations between PM mass 60 concentrations and increased human mortality and morbidity (Pope and Dockery, 2006) . The 61 climate and health effects largely depend upon the chemical composition of atmospheric 62 aerosols. It is therefore very important to understand the chemical composition and pollution 63 sources of atmospheric aerosols to formulate effective control strategies. 64
The δ 13 C of total carbon (δ 13 C TC ) has been successfully used to identify and apportion 65 the δ 13 C TC for understanding the primary pollution sources of carbonaceous aerosols. 70 Secondary organic aerosols, generated in the atmosphere, can account for more than 50% of 71 atmospheric aerosols (Cabada et al., 2004) . It is therefore important to understand whether 72 δ 13 C TC can be used to understand the primary versus secondary pollution sources of 73 carbonaceous aerosols in the atmosphere. 74
Although there are some differences in the δ 13 C TC in aerosols emitted from various 75 pollution sources, the δ 13 C TC values of particles significantly overlap among the pollution 76 sources. The δ 13 C TC values of coal combustion-particles are -24.4 to -23.4‰, which are 77 similar to those of gasoline combustion-derived particles (-24 , 1998) . Due to the overlapping between the major pollution 90 sources, it is not straightforward to delineate among the pollution sources using only the 91 δ 13 C TC . Some previous studies used δ 13 C TC values along with the air mass transport patterns 92 (e.g., Cachier et al., 1985) . The δ 13 C along with air mass transport patterns and chemical 93 tracers are likely to provide better information about the pollution sources. 94
Here we present the seasonal variations of δ 13 C TC in aerosol samples collected from 95
Gosan site at Jeju Island, South Korea. Then, we interpret the observed isotopic composition 96 and its seasonal variations based on the chemical tracers (oxalic acid, phthalic acid, azelaic 97 acid, methanesulfonate and K + ) and air mass transport pattern to understand the importance 98 of both the secondary and primary sources of carbonaceous aerosols. The chemical tracers 99 used in this study have been adopted from the previous studies (Kundu et al., 2010d) . 2500 QAT-UP) were used to collect TSP samples (n = 84). The sampler was installed on the 117 roof of a trailer house (∼3 m above the ground). Filters were placed in clean and prebaked 118 glass jar (150 mL) with a Teflon-lined screw cap before and after the sampling. Samples 119 were shipped to Sapporo, Japan and then preserved in a dark freezer room at -20 °C until 120 analysis. Field blank filters were collected every month. 121 122
Chemical analysis 123
A small disc (area 2.54 cm 2 ) of each filter sample was wrapped with a cleaned tin cup 124 using tweezers. An autosampler was used to introduce the samples into the elemental 125 analyzer (EA; model: NA 1500 NCS, Carlo Erba Instruments). The samples are oxidized in a 126 combustion column packed with chromium trioxide at 1020 °C in an atmosphere of pure 127 oxygen. The derived CO 2 was isolated on a gas chromatograph (GC) installed within EA and 128
then measured with a thermal conductivity detector. Aliquots of CO 2 gas were then 129 introduced online into an isotope ratio mass spectrometer (ThermoQuest, Delta Plus) through 130 a ConFlo II interface (ThermoQuest) to monitor 13 C/ 12 C ratios. The carbon isotopic 131 composition was calculated using the following standard isotopic conversion equation. 132
Another aliquot of filter samples was analyzed for TC and 13 C/ 12 C ratios after the 133 HCl-fume treatment to remove carbonate carbon (e.g., CaCO 3 ) ( 16.2% with an annual average of 6.6%. Higher contributions of TC to aerosol mass (7.3-165 10.0%) were observed in the spring (7.3-10.0%) and fall (7.8-9.9%, except November) 166 months. The lowest TC contributions were recorded in summer (4.2-6.5%) and winter (5.3-167 6.0%) months. The lower δ 13 C values in April/May are involved with the higher concentrations of 193 oxalic acid (Fig. 3b ). It is well established that oxalic acid is predominantly generated in the 194 atmosphere due to the oxidation of various organics in the gas and aqueous phase (Warneck, 195 The δ 13 C values in April/May at Gosan site are 5.5-8.4‰ higher than those observed 199 in SOA from the ozonolysis of β-pinene and from the OH oxidation of toluene (Fig. 5a ). This The concentrations of azelaic acid, methanesulfonate and K + were normalized to 208 better understand the role of oceanic and biomass burning emissions in driving the seasonal 209 variations of δ 13 C. Higher δ 13 C values in summer are related with the higher concentration 210 ratios of methanesulfonate/TC and azelaic acid/TC (Fig. 4a,b) . Azelaic acid and 211 methanesulfonate are oxidation products of oleic acid and dimethylsulfide, respectively, 212 which are emitted from the oceans (Karl et al., 2007; Kawamura and Gagosian, 1987) . The 213 association of higher δ 13 C with higher ratios of methanesulfonate/TC and azelaic acid/TC 214 suggests an increased contribution of sea spray to carbonaceous aerosols. Marine-derived 215 carbonaceous particles are enriched with 13 C in comparison to particles resulting from 216 vehicular emissions, C 3 plants and secondary sources (Fig. 5a ). K + /TC ratios in summer were 217 also observed to be higher than those in May and September. The result indicates higher 218 contribution from biomass burning of C 4 plants such as wheat, rice and corn straws which is 219 associated with the burning crop residue by the end of harvest period and air mass transport 220 from polluted East China Sea and Yellow Sea. 221
The δ 13 C values in colder months are similar to those in July/August (Fig. 3) . 222
However, the trajectory analysis shows that pollution sources in the colder months are 223 different than the pollution sources in July/August at Gosan site (Fig. 1) . The higher δ 13 C 224 values in the colder months are linked with the higher concentrations of phthalic acid ( China. Atmospheric Chemistry and Physics 13, 803-817. 320
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